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Indeed, current evidence has suggested cadmium is a risk factor for cardiovascular fitness.
However, little is known about the mechanism linking cadmium exposure to cardiovascular fitness. Miller et al (1974) reported elevated levels of cadmium resulted in lung injury characterized by acute inflammation, pulmonary fibrosis and emphysema [8] . Lung injury renders the alveolar membrane impervious to gaseous diffusion, resulting in impaired tissue oxygenation and lower VO2 max ultimately resulting in restrictive, obstructive and sometimes mixed restrictive and obstructive respiratory conditions in exposed subjects.
To further shed light on the effect of cadmium exposure on cardiovascular fitness, this study was designed to determine if the relationship between cadmium and cardiovascular fitness existed and perhaps may vary between gender and U.S racial groups.
LITERATURE REVIEW
Cadmium is a heavy metal found in the earths crust. It does not occur alone by itself but in combination with other elements such as oxygen, chlorine and sulphur, forming complex metallic compounds. The chlorides and sulfides combinations are the most common cadmium complexes known. About 25,000-30,000 tons of cadmium are released into the air as fine suspended particulate matter each year [9] . The release of cadmium from human activities is estimated to be 4,000-14,000 tons per year from burning of fossil fuels, mining activities, coal-fired electric power plants, burning of household waste, hazardous waste sites and fertilizers applied to crops [9] . The most common sources of human exposure to cadmium is from cigarette smoke and foods. The average cadmium level in foods in the U.S has been estimated to be about 20-40 parts per million, lowest levels are found in fruits and beverages, but vegetable green leaves and potatoes are credited to have higher concentrations of cadmium [9] .
Exposure to Cadmium and Potential Adverse Health Effects.
Several disorders have been associated with cadmium exposure. For example, intestinal ingestion of cadmium is associated with severe gastrointestinal epithelium irritation accompanied with nausea, pain, vomiting and diarrhea [10] . Several bone disorders have also been associated with high levels of cadmium including osteomalacia and osteoporosis [11] .
Studies have demonstrated that breathing air with high cadmium concentrations can damage the lungs and cause death. Davidson et al (1988) reported that subjects who are exposed to cadmium showed abnormalities in lung function and radiological changes consistent with emphysema [12] .
Other lung disorders and associated symptoms including asthma, pneumonia and wheezing have been associated with cadmium exposure. Children, elderly and subjects with respiratory problems are affected differently. Long-term exposure is known to be associated with persistent cough, impairment of respiratory functions, lung cancer and in severe cases death among these groups. The conditions may worsen during times of heavy pollution as in summer [13] . The common routes of exposure are by inhalation through nasal and oral passages. As the toxicants enter the body they accumulate in different tissues and organs and affect the human system producing harmful effects.
Cadmium inhalation over a long period of time even in low amounts has been associated with kidney damage [14] . Edling et al (1986) , reported subjects exposed to 0.5mg Cd/m 3 had induced renal damage in the form of beta 2-microglobunuria [15] . Iwata et al (1993) and Butchet et al (1990) also obtained similar results, these investigators found associations between levels of cadmium exposure with proteinuria and glomerular filtration rate among workers exposed to cadmium oxide in a nickel-cadmium battery manufacturing factory [16, 17] .
Cardiovascular Fitness per VO2 max
Cardiovascular fitness is characterized by efficient utilization of oxygen during aerobic condition in a living cell. It is quantified through measurement of volume of oxygen consumed at sub maximum activity (VO2 max). The unit of VO2 max is volume of oxygen consumed per kilogram of body weight per minute. Some studies have used body surface area in place of weight [18] . The advantage of using body surface area is to compare the effects of different body types and sizes on VO2 max. In an active person, as the intensity of exercise increases the amount of oxygen consumed increases, with further increases in exercise intensity the amount of oxygen available for cell oxidation no longer increases in the same proportion. The maximum amount of oxygen consumed at this point at maximum exercise is an indicator of cardiovascular fitness and aerobic potential.
Two theories may explain aerobic potential in living cells. The utilization theory suggests aerobic capacity is due to absence of oxidative enzymes within the walls of mitochondria of the cell. Mitochondria and oxidative enzymes determine the ability of the cell to utilize oxygen. Vigorous exercise can increase the amount of mitochondria and oxidative enzymes required for energy synthesis in the cells, resulting in increased VO2 max [19] .
Many studies show a weak association between the amount of oxidative enzymes and VO2 max [20, 21] . Presentation theory on the other hand, suggests that aerobic capacity is limited by the ability of the cardiovascular system to deliver oxygen to the living cells for energy synthesis. Improved blood circulation and tissue perfusion increase oxygen delivery resulting in higher VO2 max. Most studies are supportive of this theory.
VO2 max depends on gender, age, lactic acid tolerance, environment, exposure to chemical pollutants, levels of physical activities, genetics and diet.
Men are twice as likely to utilize oxygen more than women. In a study, women were observed to have 20-25% lower VO2 max compared to men [20, 22] . The differences were accounted for by the different amount of fat free mass, which in general are considerably higher in women than in men. Young adults across gender are more likely to utilize oxygen compared to older adults [19] .
Athletes of the same body type may consume two to three times more oxygen than their non-athletic counterparts. Closely related to amount of oxygen consumed by athletes are lungs sizes. The larger the lungs, the greater the amounts of oxygen consumed. Generally, height is the most important factor that determines the size of the lungs, hence, taller athletes tends to have larger lung sizes and higher VO2 max compared to shorter athletes [23] .Some people are genetically adapted to utilize oxygen more efficiently than others.
This adaptation is linked to lactic acid metabolism. Lactic acid is released as a by product from anaerobic respiration and results in muscle fatigue during vigorous physical exercise. Studies have shown lactic acid production is associated with exhaustion during physical exercise [24] .
VO2 max also depends on altitude. People living at higher attitudes have lower VO2 max compared to those living at lower altitudes. VO2 max declines at the rate of 1% per 100m altitude gain above 1500m. The rationale behind it is people living at higher altitudes have decreased cardiac output characterized by low blood volume.
Heat stress has also been shown to affect VO2 max significantly. Gonzalez-Alonzo et al (2003) , reported in trained humans, severe heat stress reduced VO2 max by accelerating the decline in cardiac output and mean arterial pressure which led to decrements in exercise time, muscle blood flow, Oxygen delivery and uptake [25] .
Age is a significant factor affecting VO2 max. Many studies support findings that VO2 max decreases as age increases [26, 27] . Age related decline in VO2 max is attributable to declines in maximal heart rate and cardiac output. Weiss et al (2006) reported VO2 max decreased with age more rapidly in elderly people older than sixty, the ageassociated decline was greater in men compared to women. Greater decline in Cardiac output in men compared to women accounted for the age-specific decline in VO2 max [28] . In spite of the age related decline in VO2 max, Bunyard et al (1998) reported age related decline in VO2max can be attenuated by as much as 50% through regular physical and aerobic exercises [29] .
Air Quality Issues Related to Cadmium and Cardiovascular Fitness
Ambient outdoor air is a mixture of complex particles and chemical pollutants with well known adverse effects on lung function and cardiovascular health. Many studies have been conducted on the effects of ambient air pollution exposure on the cardiovascular fitness among schoolchildren. One study found that children in higher population area had lower VO2 max than those in the lower pollution area [30] . The study also suggested if the students engaged in regular physical exercise in a polluted environment, it does not have any beneficial effect on cardiopulmonary fitness.
Indoor and outdoor training and physical exercise can significantly increase VO2 max.
Periodic exercise three times a day for six months can increase VO2 max by 15-20% on average [31] . Sarsan et al (2005) found increases in VO2 max depended on the type of fitness exercise performed. Resistance training alone did not increase VO2 max, but combinations of resistance training with light aerobic exercise were found to result in improved exercise capacity and increased VO2 max [32] .
The majority of studies on the effect of environmental pollutants on respiratory health have been focused on lung functions measurements such as forced vital capacity, forced expiratory volume, and peak flow rates. There are not enough studies however that use VO2 max for cardiovascular fitness as a measure of the predictive effect of chemical pollution among exposed subjects.
3 METHOD:
Data Source
The population utilized for this study was obtained Past achievements of NHANES included creation of national growth charts. These charts are widely used by pediatricians worldwide to monitor growth rates in infants. Data from NHANES was instrumental in the development of policies necessary to achieve elimination of lead from gasoline and from solder in food and soft drink cans since 1970.
NHANES provided the data that enabled better understanding of the emerging prevalence of overweight and obesity in the U.S. This awareness has lead to the creation of several programs aimed at monitoring diet and exercise within the population. Also, the prevalence of diabetes in the U.S was studied with NHANES, which prompted the federal government to create awareness of the condition, especially among minority population. More detailed information about NHANES can be found on the CDC web site [33].
Study Population
In NHANES, cardiovascular fitness test were administered to 9,965 participants who were between 12-49 years of age. Only subjects identified as White, Black and Mexican
American were eligible for the study. Other racial/ethnic groups were not considered in the study due to small number. Two thousand five hundred and sixty one (2, 561) participants were excluded by NHANES based on medical conditions, physical limitations such as difficulty in walking, standing, having back or neck problems, fractures, eye problems, losing consciousness on a regular basis, having developmental problems or whose weight exceeded 350 lbs. Subjects with cardiovascular conditions excluded included those diagnosed with heart related problems ,such as irregular heart rate, high blood pressure , hypertension, congestive heart failure, coronary artery diseases, angina, myocardial infarctions, stroke or having history of stroke. Also excluded were self reported heart problems or those with pacemaker and defibrillator, those taking blood or heart medications or those instructed to do only physical activity recommended by a doctor or not to participate in sports or any type of physical activity, those with chest pain, those with a resting heart rate greater than 100 beats per minute and hypertensive individuals. Also subjects with lung and breathing conditions such as those having shortness of breath on exertions, orthopnea, asthma, sleep apnea, chronic obstructive pulmonary disease (COPD), or self reported lung and breathing problems were ineligible in this study. The screening was done prior to a tread mill testing.
Other medical conditions used to disqualify subjects for the study included respiratory problems such as persistent coughing; obstructive sleep apnea, those using breathing medications or whose doctor has told them they have problems related to sitting, those taking medication for wheezes or whose doctor prescribed wheezing medication, those with limited activity due to wheezing, awakened by trouble breathing, those who stop for breath after walking one hundred yards at one 's own pace and missing values for VO2 max. Also, excluded are those pregnant, and those exposed to other chemical pollutants such as volatile organic compounds and those having significant concentrations of heavy metals in their urine sample. In the end 1963 subjects were eligible for the present study's analysis.
Measurements
Cardiovascular fitness is often measured in the laboratory by conducting exercise stress tests on a treadmill or cycle ergometer. During the process, the amounts of oxygen utilized and carbon dioxide expired are measured at predetermined sub maximal exercise capacity to determine the VO2 max. In NHANES, cardiovascular fitness was performed by trained technicians. Measures of heart rate, respiratory rate and blood pressure were used as surrogate measures for VO2 max. These measurements were taken in series consisting of about two minute warm up exercise, three minute exercise testing performed twice and a two minute resting period .The goal was to elicit 75% of a predetermined age-specific heart rate by the end of the stress test. The heart rate was continuously measured at each stage and the blood pressure was measured at the end of each stage of the exercise. 
Covariates
In NHANES, age, gender and ethnicity were determined using self-reported questionnaires. Standing height and body weight were determined by laboratory measurements in centimeter cm and kilogram Kg respectively. Average level of physical activity was self reported and categorized into two groups. The first group was composed of those who do not Walk-about very much during the day and those who walk-about a lot during the day but do not lift or carry things often .The second group was composed of those who either lift light loads, climb stairs or hills and perform heavy work or carry heavy loads. Muscle strengthening activities were self reported and were categorized into two groups. The first group was composed of those who perform any physical activities specifically designed to strengthen the muscles such as lifting of weights, push ups, sit ups, or any other such activities. The second group was composed of those who do not perform any muscle enhancing activities. Body mass index (BMI) was calculated by dividing the weight in Kg by the square of the height in cm. Systolic and diastolic blood pressures were determined using sphygmomanometer. Income was self reported and consisted of subjects within four income groups; $0-24,999, $25,000-$54,000, $55,000-$74,999 and above $75,000. Education was also self reported and consisted of subjects within three groups; less than high school, high school and greater than high school.
Analysis.
The characteristics of each group of the population were evaluated and the differences between groups were evaluated using one-way analysis of variance (ANOVA) for continuous variables and chi square analysis for categorical variables. An approximate normal distribution curve of cadmium in relation to gender and ethnic group was performed to determine the distribution of cadmium within the population. Scatter plots of urinary cadmium against estimated VO2 max stratified by gender and by race/ethnicity was performed to gain insight into the relationship between the two variables. 
RESULTS
Baseline Characteristics
The basic characteristics of eligible male and female subjects, stratified by race/ethnicity for this study are shown in Table 1 and Table 2 , respectively. Analyses of gender specific differences for continuous variable were done using one-way ANOVA. Gender specific differences among white, black and Mexican-Americans for categorical variables were analyzed using Chi Square. As shown in Table 1 , among males there were statistically significant differences in predicted VO2 max, age at screening, weight, standing height, diastolic blood pressure, education, annual household income and muscle strengthening activity across racial/ethnic groups (P <.001). Among females as shown in Table 2 , there were statistically significant differences in estimated VO2 max, age at screening, weight, standing height, body mass index, diastolic blood pressure (DBP) education and annual household income among white, black and Mexican American females (P <.001).
Among males, black male had the highest mean for predicted and estimated VO2 max, max. Also differences between the racial/ethnic group was statistically significant with respect to predicted VO2max (P=0.002). Among females, Mexican American females had the highest mean for predicted and estimated VO2. Also differences between the racial/ethnic group was statistically significant with respect to estimated VO2max (P<0.001)
Among males, black male had the highest mean for urinary cadmium. However, racial/ethnic difference was not statistically significant. Also among females, black female had the highest mean for urinary cadmium. But racial/ethnic difference was marginally significant (P=0.091). * Statistically significant at 95% confidence interval.
The distribution of cadmium (a) and estimated VO2 max (b) in the studied population is shown in Figure 1 . As shown, the distribution of Cadmium and estimated VO2 max tended to approximate normal distribution. Cadmium was skewed to the left.
We performed scatter plots between estimated cadmium and VO2 max to determine the nature of the relationship between the two variables by race/ethnicity in males and females as shown in Figure 2 and Figure 3 , respectively. As shown, the plots illustrated low negative correlations between estimated VO2 max and levels of cadmium overall per R 2 values. In males, cadmium was inversely related to estimated VO2 max among Whites (r=-0.065) and Mexican Americans (r=-0.004), among Blacks however, the relationship was positive (r=0.002). A similar negative correlation between cadmium and VO2 max was also evident in White (r=-0.019), Black (r=-0.073) and Mexican American (r=-0.028) females. 
Univariate association between selected independent factors and estimated VO2 max.
Results of univariate analysis of the association between selected independent variables and estimated VO2 max among males and female subjects stratified by race/ethnicity are shown in Table 3 and Table 4 , respectively.
Among white males sampled, cadmium, body mass index, systolic blood pressure (SBP), Similarly, among black females the variables were negatively associated with estimated VO2 max except for average level of physical activity and industrial group/current job.
The association was statistically significant with respect to cadmium (Beta=-0.270, * Statistically significant at 95% confidence interval.
Multivariate association between selected independent factors and VO2 max
Results of the relationship between cadmium and estimated VO2 max controlling for age, standing height, average level of physical activity each day, muscle strengthening activity, weight and body mass index stratified by gender and race/ethnicity are shown in Table 5 .
As shown in table 5, cadmium was negatively associated with estimated VO2 max in both males and female across races/ethnicity except in black males. Among the negatively associated groups, black females had the highest degree of association (beta=-0.330) and the lowest was recorded for white females (Beta=-0.074).
Finally the association between cadmium and VO2 max was statistically significant among white males (Beta=-0.402, P-value=0.020) and Mexican American females 
Discussion and Conclusion
In this study there was an inverse association between urinary cadmium and estimated VO2 max among white and Mexican American males; for black males the association was positive. However, the association was significant among white males but not significant among Mexican American males. Similarly, an inverse relationship between urinary cadmium and estimated VO2 max was found among female whites, blacks and Mexican Americans. The association was significant among Mexican American females but not significant among white females and black females. The relationship was independent of age, standing height, weight, BMI, muscle strengthening activities and average level of physical activity.
The study may be among the first to use VO2 max as a measure of the effect of cadmium on cardiovascular fitness and associated respiratory health. The results support many findings that chemical pollutants affect respiratory health and therefore cardiovascular fitness. Jakubowski et al (2004) accessed lung function in workers exposed to cadmium and found a significant decrease in maximum expiratory flow at 50% (MEF 50%) which suggested exposure resulted in deterioration of lung function causing a mid airway obstruction [34] . Mannino et al (2004) also found higher levels of urinary cadmium were significantly associated with lower forced expiratory volumes in one second (FEV1) in both current and former smokers with similar results on forced vital capacity (FVC). The study further concluded cadmium may be important in development of tobacco related lung diseases [35] . A cross-sectional study of pulmonary function among cadmium alloy workers revealed chronic pulmonary obstructive changes resulted from cadmium exposure among Japanese workers who did not have a prior history of acute or sub acute cadmium pneumonitis [36] . By extension, results from the present study suggested an inverse association between urinary cadmium and VO2max.
In addition, racial differences between urinary cadmium and estimated VO2 max were also observed in the present study. The scatter plot of urinary cadmium plotted against estimated VO2 max Figures 2-3 showed white males tended to have a negative slope compared to Mexican American males. This racial disparity is not fully understood from this study. However, the result may be due to age and weight characteristics of the population. White males had highest mean values for age (mean=23) and weight (mean=76) compared to other racial groups. The positive association observed for black males might have been due to the average age of black male participants, which was 18 compared to their white and Mexican American counterparts, which were 25 and 24
respectively. The differences may also have been due to genetics and the different abilities of the subjects in processing lactic acid during aerobic conditioning. The finding is consistent with one study by Andrew et al (1990) , who found racial differences among blacks and whites with respect to lactic acid in a marathon race [37] . According to the study, black runners had lower blood lactate levels compared to their white counterparts.
The result was that blacks tended to exhibit superior performance and had the ability to run at a higher percentage of VO2 max than their white counterparts [37] .
Similar racial differences were also observed for females. There was an inverse relationship between urinary cadmium and estimated VO2 max with respect to white, black and Mexican American females. Mexican American females tended to be affected relatively more compared to the other racial ethnic groups, as indicated in Figure 2 . The differences may have been due to the mean estimated VO2 max, which was highest for Mexican American females (mean =40) compared to the white females(mean=36) and black females (mean=37). The difference may also have been due to the mean weight of Mexican American women (mean= 70), compared to white females (mean=75) and black females (mean=72). Age may have also played a role in the observed difference. Mexican
American females had the lowest average age compared to white females and black females. The observed racial difference may have also been due to genetics and lactate intolerance not assessed in the present study.
The biological basis of the effect of urinary cadmium on VO2 max and the mechanism of cadmium pulmonary toxicity is not fully understood. However, in a study aimed at understanding the effect of cadmium exposure on human fetal lungs fibroblast, ChengFeng Yang (1997), found cadmium caused oxidative cellular damage in the fetal lung leading to pulmonary damage and impairment of gaseous diffusion across alveolar membrane [38] . The effect limited oxygen uptake and cell utilization. to low lactic acid tolerance. An athlete that takes a longer time to reach the lactate acid threshold will be a better performer compared to the one that takes a shorter time, even though they both may have the same VO2 max. Fourth, the VO2 max used in the present analysis was an estimated measure, and as such, the accuracy of the value obtained may not be a reliable estimate, unlike a direct measure that is considered less subject to information bias. Fifth, current infections or diseases not known to the participants may not have been controlled, which can alter the estimated VO2 max. Finally, the sample size used in the analysis may not have been a representative of the entire population.
The present study provides several health implications.VO2 max is an important predictor of cardiovascular fitness. Cardiovascular fitness status is used to predict ability to engage in physical exercise, work performance, activities of daily living, outcomes of respiratory conditions such as chronic obstructive pulmonary disease (COPD); chronic bronchitis, bronchiectasis, asthma, emphysema and recovery from cardiac related conditions such as stroke. O'Donovan et al (2005) , reported VO2 max was a good predictor of coronary heart disease [39] . Lamonte et al,(2000) also reported cardiorespiratory fitness was significantly associated with coronary heart disease [40] .
They further suggested people with low cardiorespiratory fitness are at an increased risk of congestive heart failure. Physical activity and work performance are also predictable by VO2max. A person's work rate is limited by the ability of the lungs and heart to supply oxygen to the muscles at a sufficiently fast rate to meet the energy requirement of the cells .Work rate and exercise outcomes are thus predicted by VO2max.
Further implications of this study are people exposed to high levels of cadmium from various sources tended to have lower VO2max putting them at an increased risk of developing coronary heart disease, having reductions in job performance and activities of daily living, enjoying less physical exercise and limiting pulmonary rehabilitation of respiratory comorbid patients. This study provided new evidence on how increased levels of cadmium in air may be predictive of cardiovascular fitness, which in turn is predictive of certain physical and physiological functions in humans.
In conclusion, our study suggested increased levels of cadmium were inversely related to estimated VO2 max; Since VO2 max is a direct measure of cardiovascular fitness, by extension, urinary cadmium was also inversely related to cardiovascular fitness. Also, racial differences were observed between urinary cadmium and estimated VO2 max.
White males were more negatively impacted compared to blacks and Mexican American males. On the other hand, Mexican American and black females were more negatively impacted compared to white females. Future research should be conducted to investigate and better understand the racial differences of the effect of cadmium on VO2 max.
APPENDIX A. CALCULATION OF ESTIMATED VO2 MAX
The relationship between heart rate and amounts of oxygen consumed is represented by a linear equation of the form y=mx+C.
Where Y=Heart rate m= Slope x=Volume of oxygen consumed c=Intercept Therfore (Volume of oxygen consumed)=(Heart rate-Intercept) / slope Slope = n(∑x iYi ) Slope-(∑x i ) (∑ Yi ) / n ∑x i 2 -(∑x i ) 
